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,QGHHGKDLU\URRWVKDYHEHHQFRQVLGHUHGSRWHQWLDOSURGXFWLRQVRXUFHVIRU
LPSRUWDQWVHFRQGDU\PHWDEROLWHV)ORUHVDQG&XUWLV$VXPPDU\RIVWXGLHVXVLQJ
KDLU\URRWVLQPLVWUHDFWRUVLVSURYLGHGLQ7DEOH,QQHDUO\DOOFDVHVKDLU\URRWJURZWK
LQPLVWUHDFWRUVZDVDVJRRGDVRUEHWWHUWKDQOLTXLGSKDVHFXOWXUHV
6HFRQGDU\PHWDEROLVPRIKDLU\URRWVJURZQLQYDULRXVELRUHDFWRUVKDVEHHQ
UHFHQWO\UHYLHZHGE\.LPHWDOE.LPHWDOQRWHGDIROGLQFUHDVHLQ
DUWHPLVLQLQDFFXPXODWLRQLQPLVWUHDFWRUVDQGVXEVHTXHQWO\6RXUHWHWDOSURYLGHG
DIXUWKHUDQDO\VLVZKHQ WKH\FRPSDUHGWKHH[SUHVVLRQOHYHOVRIIRXUNH\WHUSHQRLG
ELRV\QWKHWLFJHQHVLQ$DQQXD KDLU\URRWVJURZQLQPLVWUHDFWRUVYHUVXVOLTXLGSKDVH
V\VWHPV$OWKRXJKWKHUHZDVQRWDEOHKHWHURJHQHLW\LQWHUSHQRLGJHQHH[SUHVVLRQWKH
GLIIHUHQFHVFRXOGQRWEHDWWULEXWHGGLUHFWO\WRRQHVLQJOHIDFWRUDQGZHUHOLNHO\WKHUHVXOW
RIFRPSOH[LQWHUDFWLRQVRIPXOWLSOHIDFWRUVLQFOXGLQJR[\JHQVWDWXVSUHVHQFHRUDEVHQFH
RIOLJKWFXOWXUHDJHDQGWLVVXHORFDWLRQZLWKLQWKHJURZWKFKDPEHURIWKHELRUHDFWRU
%DLVHWDO DQG3DOD]RQHWDOOLNHZLVHQRWHGDOWHUDWLRQVLQVHFRQGDU\
PHWDEROLWHFRQWHQWZKHQKDLU\URRWVRI&LFKRULXP DQG3DQD[UHVSHFWLYHO\ZHUHJURZQ
LQPLVWUHDFWRUV
6HYHUDOKDLU\URRWOLQHVFDQGHYHORSPDWXUHFKORURSODVWVFDSDEOHRISKRWRV\QWKHVLV
)ORUHVHWDODQGWKHVHJUHHQURRWVKDYHGLIIHUHQWPHWDEROLFFDSDELOLWLHVFRPSDUHG
WRQRQJUHHQURRWVDOWKRXJKUHVSRQVHWROLJKWLVQRWQHFHVVDULO\GHSHQGHQWRQZKHWKHUWKH
URRWVWXUQYLVLEO\JUHHQ,QDGGLWLRQOLJKWFDQKDYHDVLJQLILFDQWHIIHFWRQJURZWKRIKDLU\
URRWV7D\DHWDODQGPDQ\HQ]\PHVLQWKHELRV\QWKHWLFSDWKZD\VIRUVHFRQGDU\
PHWDEROLWHVDUHUHJXODWHGE\OLJKW.LPHWDOE+RZHYHUGHOLYHU\RIOLJKWLQWRD
ELRUHDFWRUHVSHFLDOO\RQHWKDWLVGHQVHO\SDFNHGZLWKURRWVLVSUREOHPDWLF,QWHUHVWLQJO\
WKHURRWVWKHPVHOYHVPD\KDYHOLJKWJXLGLQJSURSHUWLHV0DQGROLDQG%ULJJV
$DQQXD KDLU\URRWVZHUHDEOHWRWUDQVPLWOLJKWIURPDKHOLXPQHRQODVHUWKURXJK
WKHLQWHULRURIWKHURRW:HDWKHUVDQG6ZDUW]ODQGHUXQSXEOLVKHGLQGLFDWLQJWKDWURRWV
PD\KDYHWKHDELOLW\WRIXQFWLRQDVOHDN\RSWLFDOILEHUV
7KHPRUSKRORJLFDOFKDUDFWHULVWLFVRIKDLU\URRWVGHPDQGVSHFLDOFRQVLGHUDWLRQZLWK
UHJDUGVWRELRUHDFWRUGHVLJQ7KHPLVWUHDFWRUSURYLGHVDORZVKHDUHQYLURQPHQWIRU
JURZLQJKDLU\URRWVDQGUHGXFHVJDVH[FKDQJHOLPLWDWLRQVQRUPDOO\IRXQGLQOLTXLGSKDVH
ELRUHDFWRUV6WXGLHVE\0F.HOYH\HWDOVXJJHVWHGWKDWURRWVDUHPRUHFDSDEOHRI
FRPSHQVDWLQJIRUSRRUOLTXLGGLVSHUVLRQWKDQIRUSRRUJDVGLVSHUVLRQZLWKLQUHDFWRU
V\VWHPV&XUWLV$QHFRQRPLFDOO\YLDEOHSURGXFWLRQVFKHPHGHSHQGVLQSDUWRQ
WKHDELOLW\WRDWWDLQDKLJKELRPDVVGHQVLW\7KHPD[LPXPURRWWLVVXHFRQFHQWUDWLRQWKDW
FDQEHDFKLHYHGLVGHSHQGHQWRQWKHGHOLYHU\RIR[\JHQDQGRWKHUQXWULHQWVLQWRWKHGHQVH
PDWUL[&XUWLV*DVSKDVHUHDFWRUVVXFKDVWKHPLVWUHDFWRUFDQYLUWXDOO\HOLPLQDWH
DQ\R[\JHQGHILFLHQF\LQGHQVHURRWEHGV:HDWKHUVHWDO.LPHWDOD
KRZHYHUQRWHGWKDWWKHDYDLODELOLW\RIQRQJDVHRXVQXWULHQWVPD\EHDFRQFHUQLHJDV
GLVSHUVLRQLVLPSURYHGDWWKHH[SHQVHRIOLTXLGGLVSHUVLRQ)XUWKHUPRUHLWLVGLIILFXOWWR
XQLIRUPO\GLVWULEXWHURRWVLQWKHJURZWKFKDPEHURIDJDVSKDVHUHDFWRUZLWKRXWPDQXDO
ORDGLQJ.LPHWDOE6HYHUDOJURXSV)ORUHVDQG&XUWLV5DPDNULVKQDQHW
DO:LOVRQ.LPHWDOD5DPDNULVKQDQDQG&XUWLV
FLUFXPYHQWHGWKLVLVVXHZLWKK\EULGOLTXLG DQGJDVSKDVHUHDFWRUVZKLFKZHUHILUVW
RSHUDWHGDVOLTXLGSKDVHV\VWHPVWRDOORZWKHURRWVWRFLUFXODWHGLVWULEXWHDQGRUDWWDFK
WRLPPRELOL]DWLRQSRLQWV*DVSKDVHRSHUDWLRQFRXOGWKHQEHLQLWLDWHGDVGHVLUHGXVXDOO\
ZKHQWKHOLTXLGSKDVHUHDFWRUZDVQRORQJHUHIIHFWLYHDWVXSSRUWLQJURRWJURZWKGXHWR
OLPLWDWLRQVLQQXWULHQWGHOLYHU\WRWKHGHQVHURRWEHGV7RZOHUDQG:HDWKHUVVHH
&KDSWHUKDYHDOVRGHVFULEHGDPHWKRGE\ZKLFKURRWVPD\EHTXLFNO\DWWDFKHGWRD
PHVKVXSSRUWWKHUHE\DOORZLQJPLVWPRGHWRFRPPHQFHVKRUWO\DIWHULQRFXODWLRQ
7KHJDVSKDVHVXUURXQGLQJWLVVXHVDOVRSOD\VDNH\UROHLQWKHFXOWXUHDQG
VHFRQGDU\PHWDEROLWHSURGXFWLYLW\RIKDLU\URRWVVHHUHYLHZE\.LPHWDOE2QH
RIWKHPDMRUDGYDQWDJHVRIWKHPLVWUHDFWRULVWKHDELOLW\WRDOWHUWKHJDVFRPSRVLWLRQ
2[\JHQLVHVVHQWLDOIRUUHVSLUDWLRQDQGWKXVWKHJURZWKRIURRWV7RDVVHVVWKHUHVSRQVH
RIKDLU\URRWVWRDOWHUHGOHYHOVRIR[\JHQLQPLVWUHDFWRUVDOFRKROGHK\GURJHQDVH$'+
P51$DQLQGLFDWRURIR[\JHQVWUHVVZDVPHDVXUHGLQ$DQQXD KDLU\URRWV
&RPSDULVRQRI$'+P51$H[SUHVVLRQLQERWKVKDNHIODVNVDQGEXEEOHFROXPQUHDFWRUV
WRPLVWUHDFWRUVLQGLFDWHGWKDWWKHPLVWJURZQURRWVZHUHQRWR[\JHQOLPLWHG:HDWKHUVHW
DO5RRWVJURZQLQWKHPLVWUHDFWRUWRDGHQVLW\RIDERXWYYKDGQR
GHWHFWDEOHH[SUHVVLRQRI$'+.LP ZKHUHDV$'+P51$ZDVGHWHFWHGLQURRWV
IURPWKHEXEEOHFROXPQDWSDFNLQJGHQVLWLHVDVORZDVYY:HDWKHUVHWDO
5RRWVJURZQLQWKHEXEEOHFROXPQUHDFWRUKRZHYHUKDGKLJKHUGU\PDVVFRPSDUHGWR
WKRVHKDUYHVWHGIURPWKHPLVWUHDFWRU 7KLVXQH[SHFWHGUHVXOWPD\EHH[SODLQHGWKURXJK
PRGHOLQJRIPLVWGHSRVLWLRQG\QDPLFVVHH0LVWGHSRVLWLRQPRGHOLQJEHORZ
,QDGGLWLRQWRR[\JHQFDUERQGLR[LGHDOVRDIIHFWVWKHJURZWKRIKDLU\URRWV&2HQULFKHGQXWULHQWPLVWFXOWXUHVRI&DUWKDPXVWLQFWRULXV DQG%HWDYXOJDULV KDLU\URRWV
VKRZHGLQFUHDVHGJURZWKYHUVXVFRQWUROFXOWXUHVWKDWZHUHIHGDPELHQWDLU'L,RULRHWDO
D+RZHYHUDVLPLODUHIIHFWZDVQRWREVHUYHGLQKDLU\URRWVRI$UWHPLVLDDQQXD
:KHQJURZQLQPLVWHQULFKHGZLWK&2URRWJURZWKZDVQRWVLJQLILFDQWO\GLIIHUHQWWKDQWKDWRIURRWVJURZQLQDPELHQWDLU:\VORX]LOHWDODOWKRXJKYLVXDOO\WKH
URRWVDSSHDUHGPXFKKHDOWKLHUDQGWKHUHZDVDFKDQJHLQWKHEUDQFKLQJUDWH.LPHWDO
DDOVRQRWHGVLPLODUUHVXOWV ZKHUHWKHELRPDVVDFFXPXODWLRQZDVVLPLODUEHWZHHQ
URRWFXOWXUHVJURZQLQDPELHQWDLUDQGWKRVHVXSSOHPHQWHGZLWK&2 ,WLVSRVVLEOHWKDWSHUKDSVWKHRSWLPXPOHYHORI&2 HQULFKPHQWIRU$DQQXD KDLU\URRWVZDVQRWSURYLGHGWRWKHVHFXOWXUHVSDUWLFXODUO\FRQVLGHULQJWKDWWKHUHVSRQVHRIURRWVWR&2 FDQYDU\GHSHQGLQJRQVSHFLHVDQGJURZWKHQYLURQPHQW'L,RULRHWDOD:HDWKHUVDQG
=REHO
(WK\OHQHDFFXPXODWLRQPD\DOVREHLQYROYHGLQUHJXODWLQJELRPDVVDQGVHFRQGDU\
PHWDEROLWHSURGXFWLRQ$OWKRXJKDOOSODQWWLVVXHVFDQERWKSURGXFHDQGDEVRUEWKH
JDVHRXVSK\WRKRUPRQHHWK\OHQHZKLFKKDVSURIRXQGHIIHFWVRQJURZWKGHYHORSPHQW
DQGHYHQWKHSURGXFWLRQRIVHFRQGDU\PHWDEROLWHV:HDWKHUVDQG:\VORX]LOVRPH
VSHFLHVRISODQWVPD\SURGXFHPRUHHWK\OHQHWKDQRWKHUV,QGHHG%LRQGLHWDO
VKRZHGWKDWKDLU\URRWVRI+\RVF\DPXVPXWLFXV SURGXFHGWLPHVPRUHHWK\OHQHWKDQ
XQWUDQVIRUPHGURRWVDQGJURZWKRI$DQQXD KDLU\URRWVZDVVLJQLILFDQWO\UHGXFHGE\
HWK\OHQH:HDWKHUVHWDO 6XQJDQG+XDQJVKRZHGWKDWKDLU\URRWVRI
6WL]RORELXPKDVVMRR KDGORZHUELRPDVVDQGSURGXFHGORZHUOHYHOVRIVHFRQGDU\
PHWDEROLWHVZKHQHWK\OHQHZDVDOORZHGWRDFFXPXODWHLQWKHKHDGVSDFHRIWKHFXOWXUH
YHVVHO5HFHQWO\ZHDOVRREVHUYHGWKDWHWK\OHQHSURYLGHGDVHWKHSKRQVLJQLILFDQWO\
LQKLELWHGERWKJURZWKDQGDUWHPLVLQLQSURGXFWLRQLQ$DQQXD KDLU\URRWV:HDWKHUVHWDO
&RQVLGHULQJWKDWHWK\OHQHSURGXFWLRQLVLQKLELWHGE\&2LWLVSRVVLEOHWKDWWKH
VWLPXODWLRQLQURRWJURZWKE\KLJKHUOHYHOVRI&2 LVWKHUHVXOWRILQKLELWLRQRIHWK\OHQHELRV\QWKHVLV'HVLJQVLQUHDFWRUVWKDWVFUXEHWK\OHQHIURPWKHJDVSKDVHPD\IXUWKHU
LPSURYHKDLU\URRWJURZWKDQGSURPRWHVHFRQGDU\PHWDEROLWHSURGXFWLRQ
0LVWGHSRVLWLRQPRGHOLQJ
'URSOHW WUDQVSRUWDQGGHSRVLWLRQLQDEHGRIKDLU\URRWVPD\OLPLWJURZWKLIDQ
DGHTXDWHVXSSO\RIQXWULHQWVGRHVQRWUHDFKWKHVXUIDFHRIDOOURRWV&RQVHTXHQWO\PLVW
GHSRVLWLRQLVDNH\VWHSLQWKHPDVVWUDQVIHURIQXWULHQWVWRWKHURRWVLQDPLVWUHDFWRU
:\VORX]LOHWDO7KHVWDQGDUGDHURVROGHSRVLWLRQPRGHOIRUILEURXVILOWHUVZDV
DSSOLHGWRPLVWGHSRVLWLRQLQKDLU\URRWEHGVE\:\VORX]LOHWDO7KHLGHDOILOWHU
KDVHYHQO\GLVWULEXWHGILEHUVWKDWOLHSHUSHQGLFXODUWRWKHIORZ7KRXJKURRW EHGVKDYH
UHJLRQVRIKLJKDQGORZSDFNLQJGHQVLW\DQGJURZLQDOOGLUHFWLRQVWKHPRGHOFDQVWLOOEH
XVHGWRVWXG\WKHTXDOLWDWLYHWUHQGVRIPLVWGHSRVLWLRQEHKDYLRU:KHQWKHPRGHOZDV
WHVWHGRQURRWEHGVWKDWKDGEHHQPDQXDOO\SDFNHGWR.  .  YROXPHIUDFWLRQ
RFFXSLHGE\URRWVLWZDVIRXQGWRFRUUHVSRQGZHOOWRH[SHULPHQWDOGDWDDVORQJDVWKH
5H\QROGVQXPEHU5HEDVHGRQWKHURRWGLDPHWHUZDV7KH5H\QROGVQXPEHU
FKDUDFWHUL]HVWKHUHODWLYHLPSRUWDQFHRILQHUWLDODQGYLVFRXVIRUFHVDQGIRUILOWUDWLRQ
SUREOHPV
J
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ZKHUH! DQG J DUHWKHGHQVLW\DQGYLVFRVLW\RIWKHFDUULHUJDV'5 LVWKHGLDPHWHURIWKHURRWDQG8R LVWKHJDVYHORFLW\LQWKHURRWEHG,QWHUPVRIWKHQXPEHURIGURSOHWVFDSWXUHGWKHHIILFLHQF\%RIWKHURRWEHGLVDIXQFWLRQRIWKHSDUWLFOHGLDPHWHU'3DQGLVHTXDOWR
»¼º«¬ª  H[S DDKK 5 &% ' / >@
ZKHUH/ LVWKHOHQJWKRIWKHURRWEHGDQG
 ',17,03& KKK u   >@
WKHFRPELQHGFDSWXUHHIILFLHQF\GXHWRLPSDFWLRQLQWHUFHSWLRQDQGGLIIXVLRQ
UHVSHFWLYHO\'HWHUPLQLQJ,03,17 LQYROYHVVROYLQJWZRQRQOLQHDUHTXDWLRQVDVIRXQGLQ&UDZIRUGDQGWKHH[SUHVVLRQIRUFDOFXODWLQJ' LVJLYHQLQ)ULHGODQGHU7KHRYHUDOOPDVVGHSRVLWLRQHIILFLHQF\20RIWKHURRWEHGLVWKHSURGXFWRIWKHURRWEHGHIILFLHQF\%'3LDQGWKHPDVVIUDFWLRQP'3LRIPLVWSDUWLFOHVRIGLDPHWHU'3L VXPPHGRYHUWKHDHURVROVL]HGLVWULEXWLRQGDWD¦ u L 3L3L%20 'P' KK  >@
7\SLFDOPLVWSDUWLFOHVL]HGDWDZHUHREWDLQHGH[SHULPHQWDOO\E\:\VORX]LOHWDO
7KHDPRXQWRIPHGLXPFDSWXUHGE\ WKHURRWV9GHSLQP/SHUGD\LV
20/GHS 49 KZ uu  >@
ZKHUHLVWKHFRQYHUVLRQIDFWRUIURPKRXUVWRGD\VZ LVWKHGXW\F\FOHLQPLQXWHVSHU
KRXUDQG4/ LVWKHPHGLXPIORZUDWHLQP/SHUPLQXWHZKLOHPLVWLQJLVRFFXUULQJ7KHDPRXQWRIPHGLXPUHTXLUHGWRVXSSRUWWKHJURZWKRIURRWV9UHTGHSHQGVRQWKHGHQVLW\RIWKHURRWV!): JUDPVIUHVKZHLJKWSHUP/WKHGU\ZHLJKWIUHVKZHLJKWUDWLR':):WKHVSHFLILFJURZWKUDWH GD\WKHQXWULHQWFRQFHQWUDWLRQLQWKHPHGLXP&VJSHU/WKHDSSDUHQWELRPDVV\LHOGRIWKHJURZWKOLPLWLQJQXWULHQW<;6 J':ELRPDVVSHUJQXWULHQWFRQVXPHGWKHZRUNLQJYROXPHRIWKHUHDFWRU9 /DQGSDFNLQJIUDFWLRQ
. 7KHH[SUHVVLRQIRU9UHT LV
DPU uuuuu 9<&):':9 6;6):UHT    >@
7KHJURZWKOLPLWLQJQXWULHQWLVDVVXPHGWREHVXJDU&OHDUO\9GHS PXVWEHHTXDOWRRUJUHDWHUWKDQ9UHT LQRUGHUWRPDLQWDLQDGHVLUHGJURZWKUDWH.LPHWDODDSSOLHGWKHPRGHOWR$DQQXD KDLU\URRWVJURZQLQWKHQXWULHQW
PLVWELRUHDFWRUDQGLWVXJJHVWHGWKDW JURZWKZDVOLPLWHGE\LQVXIILFLHQWQXWULHQW
DYDLODELOLW\7KLVK\SRWKHVLVKDVEHHQWHVWHGLQVHYHUDOZD\V7RZOHUWKLVWKHVLV6LQFH
9GHS LVDIXQFWLRQRIWKHSDFNLQJIUDFWLRQ.LQFUHDVLQJ. VKRXOGLQFUHDVH9GHS DQGWKXVVXSSRUWDKLJKHUJURZWKUDWHE\DOORZLQJPRUHQXWULHQWVWREHFDSWXUHGE\WKHURRWV7R
WHVWWKLVK\SRWKHVLVWKHQXWULHQWPLVWELRUHDFWRUGHVFULEHGE\:HDWKHUVHWDO ZDV
PRGLILHGZKHUHE\WKHJURZWKFKDPEHUZDVUHSODFHGZLWKDPXFKVPDOOHUaP/
YROXPHaPPGLDPHWHUF\OLQGHULQWRZKLFKURRWVZHUHPDQXDOO\LQRFXODWHGDWDQ
LQLWLDOSDFNLQJIUDFWLRQRI7KHV\VWHPZDVWKHQLPPHGLDWHO\UXQLQPLVWPRGH
UDWKHUWKDQDVDK\EULGOLTXLG DQGJDVSKDVHUHDFWRU7KRVHVWXGLHVDUHGHVFULEHGKHUH
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6WDQGDUGGHYLDWLRQVIURPWKHPHDQZHUHFDOFXODWHGIRUHDFKH[SHULPHQW8QSDLUHG
VWXGHQWWWHVWVZHUHXVHGWRGHWHUPLQHVWDWLVWLFDOVLJQLILFDQFHDW3 
5HVXOWVDQGGLVFXVVLRQ
:H XQGHUWRRNDVWXG\RIURRWELQGLQJWRLQHUWVXEVWUDWHVEHFDXVHZHKDGQRWLFHG
WKDWURRWVRIWHQEHFDPHDWWDFKHGWRZDOOVRIJODVVVKDNHIODVNVDQGSODVWLFUHDFWRUYHVVHOV
%DVHGRQSUHOLPLQDU\VWXGLHVRIDQXPEHURIPHVKVXEVWUDWHVQHRSUHQHQ\ORQSRO\HVWHU
SRO\SURS\OHQHVWDLQOHVVVWHHODQGSRO\FDWLRQVFHW\OS\ULGLQLXPFKORULGHFKLWRVDQ
KH[DGLPHWKULQHEURPLGHSRO\HWK\OHQLPLQHSRO\/O\VLQHSURWDPLQHZHFKRVHWR

IXUWKHULQYHVWLJDWHWKHXVHRISRO\/O\VLQHFRDWHGSRO\SURS\OHQHPHVKIRU
LPPRELOL]DWLRQRIURRWV
*HQHUDOELQGLQJIHDWXUHV
0LFURVFRSLFH[DPLQDWLRQRI$DQQXD URRWVHJPHQWVERXQGWRWKHPHVKUHYHDOHGWKDW
WKHURRWVZHUHRIWHQERXQGWRWKHSRO\SURS\OHQHVWUDQGVYLDH[WHQGHGURRWKDLUV)LJXUH
DOWKRXJKDGKHVLRQDOVRRFFXUUHGGLUHFWO\ZLWKKDLUOHVVHSLGHUPDOFHOOV7KHDWWDFKHGURRW
KDLUVVHHPHGWRIXQFWLRQOLNHHODVWLFWHWKHUV5RRWVDWWDFKHGE\URRWKDLUVZRXOGERXQFH
EDFNDQGIRUWKZKHQJHQWO\VKDNHQEXWWKHQUHWXUQHGWRWKHLURULJLQDOWHWKHUHGSRVLWLRQ
$SSUR[LPDWHO\RIWKH$DQQXD KDLU\URRWVHJPHQWVEHFDPHERXQGWRSRO\/O\VLQH
FRDWHGSRO\SURS\OHQHPHVKZLWKLQDIHZPLQXWHVDIWHUDGGLWLRQWRWKHWHVWV\VWHPVDQGDOO
ELQGLQJZDVFRPSOHWHZLWKLQWZRKRXUVGDWDQRWVKRZQ7RGHWHUPLQHLIWKLVELQGLQJZDV
XQLTXHWR$DQQXD RUPRUHEURDGO\DSSOLFDEOHWRRWKHUVSHFLHVZHDOVRFRPSDUHG%HWD
YXOJDULV WUDQVIRUPHGZLWKWKHVDPHVWUDLQRI$JUREDFWHULXPUKL]RJHQHVDQGD
QRQWUDQVIRUPHGVSHFLHV$UDELGRSVLVWKDOLDQD 7KHURRWVRIDOOWKUHHVSHFLHVUHVSRQGHG
VLPLODUO\LQWKDWDOOVKRZHGDVLJQLILFDQWLQFUHDVHLQWKHOHYHORIELQGLQJDFKLHYHGZKHQWKH
VXSSRUWLQJPDWUL[ZDVFRDWHGZLWKSRO\/O\VLQH$DQQXD%YXOJDULV$
WKDOLDQD)RUDOOWKUHHVSHFLHVWKHSURFHVVZDVFRPSOHWHZLWKLQPLQXWHVGDWDQRW
VKRZQ7KHVHUHVXOWVVXJJHVWWKDWWKHELQGLQJSURFHVVLVFRPPRQWRDYDULHW\RIVSHFLHV
DQGWKDWLWLVQRWQHFHVVDULO\LQIOXHQFHGE\$JUREDFWHULXP WUDQVIRUPDWLRQ2IWKHWKUHH
VSHFLHVWHVWHG%HWDYXOJDULV KDLU\URRWVFRQVLVWHQWO\VKRZHGORZHUOHYHOVRIELQGLQJ
SRVVLEO\EHFDXVHSRO\/O\VLQHDOVRDIIHFWVFHOOPHPEUDQHVDQGFDXVHVSLJPHQWHIIOX[IURP
EHHWURRWWLVVXH6LHJHODQG'DO\3LJPHQWOHYHOVLQWKHPHGLXPZHUHQRWDQDO\]HG

QRUZDVJURZWKPRQLWRUHGLQWKHH[SHULPHQWVUHSRUWHGKHUHKRZHYHUQRYLVLEOHFRORUDWLRQ
RIWKHPHGLXPLQGLFDWLYHRISLJPHQWOHDNDJHZDVQRWHG
3URWHLQVLQYROYHGLQELQGLQJ
,QDQHIIRUWWRXQGHUVWDQGWKHELQGLQJSURFHVVZHVHDUFKHGIRUDGKHVLRQPROHFXOHV
LQFOXGLQJSODQWYLWURQHFWLQVDQGJO\FRSURWHLQVLQWKHURRWVWKDWPLJKWEHFRPPRQWRD
QXPEHURIVSHFLHV:HK\SRWKHVL]HGWKDWLIWKHVHPROHFXOHVZHUHEORFNHGWKURXJKXVHRI
VSHFLILFFRPSRXQGVDQGVXEVHTXHQWDGKHVLRQGLGQRWRFFXULWZDVOLNHO\WKDWDVLPLODU
PROHFXOHZDVLQYROYHGLQWKHPHFKDQLVPRIURRWDWWDFKPHQWWR SRO\/O\VLQHFRDWHG
SRO\SURS\OHQHPHVK
3ODQWDGKHVLRQPROHFXOHVVLPLODUWRKXPDQYLWURQHFWLQVDUHFRPPRQLQPDQ\SODQWV
6DQGHUVHWDO:DJQHUDQG0DWWK\VVH:DJQHUHWDO=KXHWDO
=KXHWDO:DQJHWDO$YLWURQHFWLQOLNHPROHFXOHKRZHYHULVSUREDEO\QRW
LQYROYHGLQWKHSURFHVVRIURRWDWWDFKPHQWIRU$DQQXD%YXOJDULVRU$WKDOLDQD EHFDXVH
ELQGLQJRFFXUUHGGHVSLWHWKHDGGLWLRQRIYLWURQHFWLQDQWLERGLHVWRWKHELQGLQJWHVWV\VWHP
GDWDQRWVKRZQ
3ODQWFHOOVDUHDOVRNQRZQWRKDYHDGLYHUVLW\RISRO\VDFFKDULGHVSURWHLQVDQG
JO\FRSURWHLQVDVVRFLDWHGZLWKWKHLUFHOOVXUIDFH.ROVWHUDQG%LHGHUEHFNDQGXVHRI
OHFWLQVFDQSURYLGHXVHIXOLQIRUPDWLRQDERXWELQGLQJVLWHV7RWHVWZKHWKHUJO\FRSURWHLQV
PD\EHLQYROYHGLQELQGLQJZHXVHGIRXUOHFWLQVFRQFDQDYDOLQ$FRQ$VSHFLILFIRU./
PDQQRVH./JOXFRVHSHDQXWDJJOXWLQLQ31$VSHFLILFIRU'JDODFWRVH1DFHW\O.
'JDODFWRVDPLQHZKHDWJHUPDJJOXWLQLQ:*$VSHFLILFIRUVLDOLFDFLGDQG5LFLQXV
FRPPXQLV DJJOXWLQLQ,5&$,VSHFLILFIRU'JDODFWRVH+RZHYHUQRQHRIWKHIRXU

OHFWLQVLQKLELWHGDGKHVLRQRI$DQQXD URRWVWRWKHSRO\/O\VLQHFRDWHGPHVKVXJJHVWLQJ
WKDWJO\FRSURWHLQVDUHQRWLQYROYHGLQWKHDGKHVLRQSURFHVVGDWDQRWVKRZQ
0DPPDOLDQFHOOVUHDGLO\DGKHUHWRVXUIDFHVFRDWHGZLWKSRO\/O\VLQHDQGFDQEH
UDSLGO\GHWDFKHGXVLQJWU\SVLQ:HWU\SVLQL]HGDWWDFKHGURRWVIRUPLQXWHVEXWQR
GHWDFKPHQWRIURRWVRFFXUUHGGDWDQRWVKRZQ.ROVWHUDQG%LHGHUEHFNVLPLODUO\
VKRZHGWKDWYDULRXVHQ]\PHVZHUHLQHIIHFWLYHLQGHWDFKLQJFHOOVRI&DO\VWHJLDVHSLXP /
WKDWZHUHERXQGWRYDULRXVVXEVWUDWHVLQFOXGLQJJODVVSRO\VW\UHQHSRO\HWK\OHQH
WHWUDSKWKDOHQHDQGDOXPLQXPIRLO
3URWHLQHIIHFWVRQURRWJURZWK
,ISRO\/O\VLQHLVWREHXVHGWRLPPRELOL]HURRWVLQDELRUHDFWRULWLVLPSRUWDQWWR
GHWHUPLQHZKHWKHUVXEVHTXHQWJURZWKLVDIIHFWHG3RO\/O\VLQHGLGQRWVLJQLILFDQWO\
LQFUHDVHURRWELRPDVVFRPSDUHGWRWKH%FRQWURODOWKRXJKWKH':):UDWLRGLGLQFUHDVH
VOLJKWO\7DEOH7KHVHGDWDDOVRVKRZHGWKDWWKHDPRXQWRISRO\/O\VLQHXVHGWRFRDWWKH
PHVKZDVQRWWR[LFWR$DQQXD KDLU\URRWV7DEOH7KHDPRXQWRISRO\/O\VLQHXVHGLQ
WKLVH[SHULPHQWZYZDVDQDPRXQWHVWLPDWHGWREHFRDWLQJWKHPHVK 5RRWV
FXOWLYDWHGZLWKSRO\/O\VLQHFRDWHGPHVKZLWKRUZLWKRXWDSULRULQFXEDWLRQLQVKHHS
VHUXPVKRZHGLQFUHDVHGJURZWKFRPSDUHGWRFRQWUROVJURZQZLWKXQFRDWHGPHVK7DEOH
':):UDWLRVZHUHKRZHYHUVWDWLVWLFDOO\LGHQWLFDOIRUDOOFRQGLWLRQV
,QWHUHVWLQJO\WKHVKHHSVHUXPXVHGLQWKHYLWURQHFWLQDQWLERG\H[SHULPHQWVDSSHDUHG
WRLQFUHDVHWKHQXPEHURI$DQQXD URRWVWKDWERXQGWRSRO\/O\VLQHFRDWHGPHVKDQGD
VXEVHTXHQWH[SHULPHQWFRQILUPHGWKDWLQFXEDWLQJURRWVRI$DQQXD LQVKHHSVHUXP
HQKDQFHGWKHELQGLQJSURFHVVE\DERXW7KLVHIIHFWZDVQRWDJHQHUDOSURWHLQHIIHFW
KRZHYHUEHFDXVHURRWVVRDNHGLQDVROXWLRQRI%6$ZHUHQRWVLPLODUO\VWLPXODWHG

7RGHWHUPLQHZKHWKHUWKHVKHHSVHUXPFUHDWHGDQDUWLIDFWLQDQWLERG\ELQGLQJVWXGLHV
E\DIIHFWLQJURRWJURZWKURRWVZHUHLQFXEDWHGLQ%PHGLXPFRQWDLQLQJVKHHSVHUXPDQG
JURZWKZDVPHDVXUHGDIWHUGD\V&RQWLQXRXVFXOWXUHLQYYVKHHSVHUXPLQKLELWHG
URRWJURZWKDQGSURPRWHGYLVXDOFDOOXVIRUPDWLRQDVHYLGHQFHGDOVRE\WKHKLJKHU':):
UDWLR7DEOH,QFRQWUDVWWKHVKRUWPLQLQFXEDWLRQSHULRGLQVKHHSVHUXPXVHGSULRU
WRWKHYLWURQHFWLQELQGLQJVWXG\UHVXOWHGLQJURZWKHTXLYDOHQWWRWKDWRIURRWVJURZQLQ%
PHGLXPDOWKRXJKWKH':):UDWLRZDVVOLJKWO\KLJKHU7DEOH:KHUHDV%6$LVDVLQJOH
SXUHSURWHLQVKHHSVHUXPLVDFRPSOH[PL[WXUHRISURWHLQVDQGRWKHUVPDOOPROHFXOHV,WLV
WKXVSRVVLEOHWKDWDQ\RQHRIWKHVHRWKHUFRPSRXQGVDIIHFWVWKHVWLPXODWLRQRIELQGLQJE\
VKHHSVHUXP
,PPRELOL]DWLRQHIIHFWVRQURRWJURZWK
7RGHWHUPLQHZKHWKHUWKHSK\VLFDOSURFHVVRILPPRELOL]DWLRQVWLPXODWHGURRW
JURZWKURRWVZHUHJURZQZLWKRXWPHVKDQGFRPSDUHGWRWKRVHJURZQZLWKXQFRDWHGRU
SRO\/O\VLQHFRDWHGPHVK7KHUHZDVQRVLJQLILFDQWLQFUHDVHLQJURZWKLQWKHSUHVHQFH
RIPHVK7DEOH$OWKRXJKWKHUHZDVDVPDOOEXWVLJQLILFDQWLQFUHDVHLQ':WKHUHE\
DOVRDOWHULQJWKH':):UDWLRVWKLVLQFUHDVHPD\KDYHEHHQGXHWRDVOLJKWLQFUHDVHLQ
FDOOXVIRUPDWLRQLQURRWPDWVHQWDQJOHGLQWKHPHVKSLHFHV7DNHQWRJHWKHUWKHVHGDWD
VXJJHVWWKDWWKHUHDUHQRPHDVXUDEOHHIIHFWVRQJURZWKIURPHLWKHUWKHDGGLWLRQRISRO\/
O\VLQHRUWKHSK\VLFDOSURFHVVRILPPRELOL]DWLRQRIURRWVRQPHVK
'LYDOHQWFDWLRQVDIIHFWELQGLQJ
'XULQJRXUVWXGLHVZLWKWKHOHFWLQFRQ$ZHREVHUYHGWKDWWKHUHTXLUHGDFWLYDWLQJ
FDWLRQV0Q DQG&DVLJQLILFDQWO\GHFUHDVHG$DQQXD URRWELQGLQJ7RLQYHVWLJDWH
WKLVIXUWKHUVXEVHTXHQWH[SHULPHQWVLQYROYHGWKHDGGLWLRQRUH[FOXVLRQRIGLYDOHQW

FDWLRQV0Q&DDQG0JIURPWKHELQGLQJVROXWLRQ 7KHGDWDLQ7DEOHVKRZWKDW
RQO\0Q DSSHDUHGWRDIIHFWELQGLQJ,QFUHDVHGOHYHOVRI0Q UHVXOWHGLQDVLJQLILFDQW
GHFUHDVHLQELQGLQJ6WXGLHVZLWKYDULRXVFRQFHQWUDWLRQVRI0Q LQGLFDWHGWKDWWKLV
HIIHFWLVQRWDSSDUHQWXQWLODWOHDVWP0H[FHVV0Q LVSUHVHQWGDWDQRWVKRZQ7KH
EDVDOOHYHOVRI0Q&DDQG0J LQ%PHGLXPDUHDQGP0
UHVSHFWLYHO\)RU0QP0UHSUHVHQWVDQHDUO\IROGLQFUHDVHLQFRQFHQWUDWLRQ
$OWKRXJKH[FHVV0Q FDQLQKLELWDWWDFKPHQWRQFHWKHURRWVDUHERXQGWRWKHPHVK
DGGLWLRQRIP0H[FHVV0Q GLGQRWUHVXOWLQGHWDFKPHQWGDWDQRWVKRZQ
,QPDQ\LQVWDQFHVWKHSK\VLRORJLFDOVWDWHRIWKHFHOORUJDQLVPKDVDVLJQLILFDQWHIIHFW
RQLWVDGKHVLRQSURSHUWLHV9DQ+DHFKWHWDO)DFFKLQLHWDO$UFKDPEDXOWHW
DO&RQVHTXHQWO\ZHFRQVLGHUHGWKDWWKHODUJHLQFUHDVHLQ0Q FRQFHQWUDWLRQPD\
KDYHDIIHFWHGWKHPHWDEROLVPRIWKHURRWV:KHQURRWVZHUHJURZQLQ%PHGLXPSOXV
P00Q IRUGD\VWKHUHZDVYHU\OLWWOHLQFUHDVHLQELRPDVV+RZHYHULIURRWVZHUH
LQFXEDWHGLQWKLVPHGLXPIRUKRXUVDQGWKHQWUDQVIHUUHGLQWRQRUPDO%PHGLXPJURZWK
ZDVFRPSDUDEOHWRFRQWUROVGDWDQRWVKRZQ7KHFDWLRQV&D DQG0J ZHUHQRWWHVWHG
IRUWKHLUHIIHFWVRQJURZWKEHFDXVHWKH\KDGQRWEHHQVKRZQWRDIIHFWWKHELQGLQJSURFHVV
$OWKRXJKLWLVQRWFOHDUZK\0Q DQGQRWWKHRWKHUGLYDOHQWFDWLRQVWHVWHGDIIHFWHGWKHOHYHO
RIDWWDFKPHQWRI$DQQXD URRWVWRWKHPHVKRWKHUVKDYHREVHUYHGVRPHVSHFLHVDQG
VXEVWUDWHVSHFLILFLW\RIFDWLRQVLQDGKHVLYHUHVSRQVHV:DODFKDQG3LUW)DFFKLQLHWDO
)RUH[DPSOH1D KDGQRHIIHFWRQWKHDGKHVLRQRI&DWKDUDQWKXVURVHXV FHOOVWR
VHYHUDOSODVWLFVXEVWUDWHVZKHUHDV&D VOLJKWO\VWLPXODWHGDGKHVLRQDQG$O LQFUHDVHG
DGKHVLRQXSWRDFRQFHQWUDWLRQRIP0DIWHUZKLFKDGKHVLRQGHFUHDVHG)DFFKLQLHWDO
)RUWKHDIRUHPHQWLRQHGVWXGLHVWKHSODVWLFVXEVWUDWHVZHUHQRWFRDWHGZLWKSRO\/

O\VLQHDQGWKHUHIRUHZHUHQHJDWLYHO\FKDUJHG,QVWXGLHVXVLQJ&KORUHOOD:DODFKDQG3LUW
REVHUYHGWKDWWKHFHOOVERXQGPRUHHIILFLHQWO\WRJODVVZKHQJURZQLQDPRGLILHG
PHGLXPDQGLQFRQWUDVWWRRXUUHVXOWVDGHFUHDVHGOHYHORIPDJQHVLXPGHFUHDVHGWKHOHYHO
RIFHOODGKHVLRQ5HGXFLQJWKHFRQFHQWUDWLRQRILURQFDOFLXPDQGWUDFHHOHPHQWVUHVXOWHGLQ
DQLQFUHDVHGOHYHORIDGKHVLRQKRZHYHUWKHVHFRPSRQHQWVWHVWHGLQGLYLGXDOO\VKRZHGOLWWOH
HIIHFWRQELQGLQJRI&KORUHOOD
2WKHUIDFWRUVDQGELQGLQJ
,QDQHIIRUWWRUHGXFHYDULDELOLW\LQWKHSHUFHQWDJHRIURRWVELQGLQJWR SRO\/O\VLQH
FRDWHGSRO\SURS\OHQHPHVKIRUDJLYHQVHWRIFRQGLWLRQVDQXPEHURIRWKHUIDFWRUVZHUH
WHVWHG7KHUHZDVQRVLJQLILFDQWGLIIHUHQFHLQELQGLQJIRUURRWWLSVYHUVXVWKHDGMDFHQW
VHJPHQWGDWDQRWVKRZQ$OWKRXJK $DQQXD URRWVJURZEHWWHULQILOWHUVWHULOL]HGPHGLXP
WKDQLQDXWRFODYHGPHGLXPXQSXEOLVKHGGDWDDGKHVLRQZDVQRWDIIHFWHG:KLOH)DFFKLQL
HWDODQG0R]HVHWDOIRXQGWKDWWKHS+RIWKHVXVSHQGLQJPHGLXPKDGD
PHDVXUDEOHHIIHFWRQWKHDGKHVLRQRI&DWKDUDQWKXVURVHXV FHOOVDQG0RQLOLHOODSROOLQLV
UHVSHFWLYHO\RXUH[SHULPHQWVVKRZHGWKDWWKHOHYHORIELQGLQJRI$DQQXD URRWVZDVQRW
DIIHFWHGLQDS+UDQJHRI)XUWKHUPRUHWKHLRQLFVWUHQJWKRIWKHSKRVSKDWHEXIIHU
XVHGP0WRP0GLGQRWDSSHDU WRDIIHFWELQGLQJ$OORZLQJWKHURRWVHJPHQWVD
SHULRGRIDFFOLPDWL]DWLRQWRPLQXWHVSULRUWRWKHDGGLWLRQRIPHVKDQGYDU\LQJWKH
WLPHSHULRGEHWZHHQPHVKDGGLWLRQDQGREVHUYDWLRQRIELQGLQJWRKRXUVDOVRKDGQR
VLJQLILFDQWHIIHFWRQELQGLQJPHDVXUHPHQWVGDWDQRWVKRZQ

&RQFOXVLRQV
:HKDYHGHPRQVWUDWHGWKDWURRWVRIWKUHHGLIIHUHQWVSHFLHV$UWHPLVLDDQQXD%HWD
YXOJDULVDQG$UDELGRSVLVWKDOLDQDZLOODGKHUHWRDSRO\/O\VLQHFRDWHGSRO\SURS\OHQH
VXEVWUDWH5RRWVDWWDFKWRWKHVXEVWUDWHZLWKLQPLQXWHVDQGGRQRWDGKHUHWRSRO\SURS\OHQH
ZLWKRXWWKHSRO\/O\VLQHFRDWLQJ7KHDWWDFKPHQWSKHQRPHQRQDSSDUHQWO\GRHVQRWLQYROYH
HLWKHUYLWURQHFWLQOLNHPROHFXOHVRUJO\FRSURWHLQV7KHDPRXQWRISRO\/O\VLQHXVHGLQ
WKHVHVWXGLHVZDVQRWWR[LFWRURRWVRI$DQQXD$OWKRXJKWKHGLYDOHQWFDWLRQ0Q DGGHGLQ
H[FHVVGHFUHDVHGELQGLQJ&D RU0J GLGQRW+RZHYHURQFHURRWVZHUHDWWDFKHGWRWKH
VXEVWUDWHDGGLWLRQRI0Q GLGQRWHIIHFWGHWDFKPHQW7KHH[FHVV0Q ZDVQRWGHWULPHQWDO
WR URRWJURZWKDIWHUVKRUWWHUPH[SRVXUHEXWJURZWKZDVDUUHVWHGLQFRQWLQXRXVFXOWXUH
$WWDFKPHQWRIURRWVGRHVQRWDSSHDUWREHDIIHFWHGE\WKHPHWKRGRIPHGLDVWHULOL]DWLRQS+
LRQLFVWUHQJWKDFFOLPDWL]DWLRQSHULRGLQELQGLQJVROXWLRQRUOHQJWKRILQFXEDWLRQSULRUWR
ELQGLQJPHDVXUHPHQWV$GKHUHGURRWVGLGQRWGHWDFKDIWHUWU\SVLQL]DWLRQ7KHVHUHVXOWV
VKRZWKDWURRWVFDQEHERXQGTXLFNO\DQGLQDFRQWUROOHGPDQQHUWRDQLQHUWVXEVWUDWH7KLV
LQIRUPDWLRQZLOOSURYHXVHIXOQRWRQO\IRUWKHLPPRELOL]DWLRQRIKDLU\URRWVLQELRUHDFWRUV
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(IIHFWRIELRPDVVGHQVLW\VXFURVHFRQFHQWUDWLRQDQGIHHGUDWHRQJURZWKDQGELRPDVV\LHOGRIWUDQVIRUPHGURRWVRI$UWHPLVLDDQQXD LQ DQXWULHQWPLVWELRUHDFWRU
,QWURGXFWLRQ
7KHGHVLJQRIDELRUHDFWRUIRUJURZWKRIKDLU\URRWVPXVWWDNHLQWRFRQVLGHUDWLRQ
WKHPRUSKRORJLFDOFKDUDFWHULVWLFVRIWKHWLVVXH7KHPLVWUHDFWRUUHGXFHVWKHJDV
H[FKDQJHOLPLWDWLRQVDQGVKHDUFRQGLWLRQVQRUPDOO\IRXQGLQOLTXLGSKDVHUHDFWRUV,W
VKRXOGEHQRWHGWKDWVXFFHVVIXOHVWDEOLVKPHQWRIDKDLU\URRWFXOWXUHRQVROLGPHGLXP
GRHVQRWJXDUDQWHHWKDWWKHVHURRWVZLOOFRQWLQXHWRJURZZKHQWUDQVIHUUHGWROLTXLG
PHGLXP+DOODUGHWDOVRDJDVSKDVH UHDFWRUPD\EHDQHFHVVDU\RSWLRQLQWKRVH
LQVWDQFHV2[\JHQLVHVVHQWLDOIRUUHVSLUDWLRQDQGWKXVJURZWKRIURRWV7KHDELOLW\WR
DWWDLQDKLJKELRPDVVGHQVLW\LVDQLPSRUWDQWSDUWRIDQHFRQRPLFDOO\YLDEOHSURGXFWLRQ
VFKHPHDQGWKHPD[LPXPURRWWLVVXHFRQFHQWUDWLRQWKDWFDQEHDFKLHYHGGHSHQGVRQWKH
GHOLYHU\RIR[\JHQDQGRWKHUQXWULHQWVLQWRWKHGHQVHPDWUL[&XUWLV$FFRUGLQJWR
VWXGLHVE\0F.HOYH\HWDOURRWVDUHPRUHFDSDEOHRIFRPSHQVDWLQJIRUSRRU
OLTXLGGLVSHUVLRQWKDQIRUSRRUJDVGLVSHUVLRQZLWKLQUHDFWRUV\VWHPV&XUWLV7R
DVVHVVWKHUHVSRQVHRIKDLU\URRWVWRDOWHUHGOHYHOVRIR[\JHQLQPLVWUHDFWRUVDOFRKRO
GHK\GURJHQDVH$'+P51$ZDVPHDVXUHGLQ$DQQXD KDLU\URRWV&RPSDULVRQRI
$'+P51$H[SUHVVLRQLQERWKVKDNHIODVNVDQGEXEEOHFROXPQUHDFWRUVWRPLVWUHDFWRUV
VKRZHGWKDWPLVWJURZQURRWVZHUHQRWR[\JHQOLPLWHG:HDWKHUVHWDO7KHUH
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ZDVQRGHWHFWDEOHH[SUHVVLRQRI$'+P51$LQURRWVJURZQLQWKHPLVWUHDFWRUWRD
GHQVLW\RIDERXWYY.LP7KLVLVHTXLYDOHQWWRDSDFNLQJIUDFWLRQD
ZKLFKHTXDOVWKHIUHVKZHLJKWFRQFHQWUDWLRQJ/u RI+RZHYHU
H[SUHVVLRQZDVGHWHFWHGLQURRWVIURPWKHEXEEOHFROXPQDWSDFNLQJGHQVLWLHVDVORZDV
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7KHUHVSLUDWRU\TXRWLHQWZKLFKLVWKHUDWLRRI&2 SURGXFHGWR2 FRQVXPHGLQFUHDVHVZLWKWKHGHJUHHRIDQDHURELFUHVSLUDWLRQ%RUGRQDURDQG&XUWLV$V
SUHYLRXVO\VWDWHG$DQQXD URRWVDUHR[\JHQGHSULYHGLQDOLTXLGSKDVHEXEEOHFROXPQ
UHDFWRU:HDWKHUVHWDODQGWKXVDUHQRWIXQFWLRQLQJDWWKHLUIXOOHVWDHURELF
FDSDFLW\:KHQ%RUGRQDURDQG&XUWLVFRPSDUHGWKHUHVSLUDWRU\TXRWLHQWVRI
+\RVF\DPXVPXWLFXV KDLU\URRWVJURZQLQHLWKHUDEXEEOHFROXPQUHDFWRURUDWULFNOHEHG
UHDFWRUDQGQRWHGWKDWWKHIRUPHUZDVFRQVLVWHQWO\KLJKHULWVXJJHVWHGWKDWDQDHURELF
UHVSLUDWLRQZDVRFFXUULQJLQWKHOLTXLGSKDVHV\VWHP7KHUHVSLUDWRU\TXRWLHQWLQWKHPLVW
UHDFWRUV\VWHPGHVFULEHGKHUHLQFRXOGQRWEHPHDVXUHGDFFXUDWHO\EHFDXVHWKH
LQWHUPLWWHQWDLUIORZXVHGGLGQRWDOORZWKHURRWVWRUHDFKDVWHDG\VWDWHRIUHVSLUDWLRQEXW
EDVHGRQWKHODFNRIPHWDEROLFR[\JHQVWUHVVLQGLFDWRUVDQGWKHKLJKO\DHUDWHG
HQYLURQPHQWLQWKHPLVWUHDFWRUWKHURRWVVKRXOGJURZPRUHHIILFLHQWO\FRPSDUHGWR
OLTXLGSKDVHV\VWHPV8OWLPDWHO\LIDSURILWDEOHPHWKRGRIURRWFXOWXUHLVGHVLUHGQRW
RQO\PXVWWKHDPRXQWRIELRPDVVSURGXFHGSHUXQLWYROXPHEHPD[LPL]HGEXWWKH
FRQYHUVLRQRIFRVWO\QXWULHQWVLQWRWKDWELRPDVVVKRXOGEHRSWLPL]HGDVZHOO
.LPHWDODVXJJHVWHGWKDWLQDPLVWUHDFWRUJDVGLVSHUVLRQLVLPSURYHGDW
WKHH[SHQVHRIOLTXLGGLVSHUVLRQWKDWLVDYDLODELOLW\RIQXWULHQWVLQWKHOLTXLGSKDVHPD\
EHDQLVVXH5RRWVJURZQLQDEXEEOHFROXPQUHDFWRUKDGKLJKHUGU\PDVVFRPSDUHGWR
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WKRVHKDUYHVWHGIURPWKHPLVWUHDFWRU7KLVXQH[SHFWHGUHVXOWZDVH[SODLQHGWKURXJK
PRGHOLQJRIPLVWGHSRVLWLRQG\QDPLFV.LPHWDOD,IDQDGHTXDWHVXSSO\RI
QXWULHQWVGRHVQRWUHDFKWKHVXUIDFHRIDOOURRWVGXHWRLQVXIILFLHQWGURSOHWWUDQVSRUWDQG
GHSRVLWLRQJURZWKPD\EHOLPLWHG0LVWGHSRVLWLRQLVFRQVHTXHQWO\DFUXFLDOVWHSLQWKH
PDVVWUDQVIHURIQXWULHQWVWRWKHURRWVLQDPLVWUHDFWRU:\VORX]LOHWDO
$SSOLFDWLRQRIWKHVWDQGDUGDHURVROGHSRVLWLRQPRGHOIRUILEURXVILOWHUVWRPLVWGHSRVLWLRQ
LQKDLU\URRWEHGVZDVGHVFULEHGE\:\VORX]LOHWDO:HK\SRWKHVL]HGWKDWWKHUH
ZHUHVHYHUDOSRVVLEOHDSSURDFKHVWRLPSURYHWKHJURZWKUDWHLQDPLVWUHDFWRU,QFUHDVLQJ
WKHLQLWLDOELRPDVVGHQVLW\VKRXOGLQFUHDVHWKHHIILFLHQF\RIQXWULHQWPLVWSDUWLFOHFDSWXUH
E\WKHURRWV,QFUHDVLQJWKHQXWULHQWFRQFHQWUDWLRQVKRXOGLQFUHDVHWKHJURZWKUDWHVLQFH
WKHYROXPHRIPHGLXPUHTXLUHGDQGWKXVWKHDPRXQWRIPLVWWKHURRWVPXVWFDSWXUH
ZRXOGEHORZHU,QFUHDVLQJWKHPHGLXPGHOLYHU\UDWHVKRXOGDOVRLQFUHDVHWKHDPRXQWRI
QXWULHQWVDYDLODEOHWRWKHURRWVWKRXJKWKHUHDUHDGGLWLRQDOLVVXHVFRQFHUQLQJWKH
DOWHUDWLRQRIPLVWLQJF\FOHVWKDWZLOOEHDGGUHVVHGODWHU
:HVWXGLHGWKHHIIHFWRISDFNLQJIUDFWLRQRQJURZWKUDWHE\UHGXFLQJWKHVL]HRIWKH
PLVWUHDFWRUJURZWKFKDPEHUIURP/WR/DQGLQRFXODWLQJZLWKURRWVDWSDFNLQJ
IUDFWLRQVRID *URZWKUDWHVZHUHPHDVXUHGDQGFRPSDUHGDWGLIIHUHQWVXFURVH
FRQFHQWUDWLRQVDQGPLVWLQJF\FOHVLQRUGHUWRH[DPLQHWKHHIIHFWVRIQXWULHQW
FRQFHQWUDWLRQDQGIHHGUDWH6LQFHLWKDVDOUHDG\EHHQGHWHUPLQHGWKDWKLJKELRPDVV
GHQVLWLHVRIWLVVXHFDQEHJURZQLQWKHPLVWUHDFWRUZLWKRXWR[\JHQGHSULYDWLRQLIZHFDQ
DOVRLPSURYHWKHJURZWKUDWHVXFKWKDWLWPHHWVRUH[FHHGVWKDWDFKLHYHGLQFRQYHQWLRQDO
OLTXLGSKDVHUHDFWRUVLWZLOOEHDYHU\LPSRUWDQWVWHSWRZDUGSURPRWLQJFRPPHUFLDO
IHDVLELOLW\RIWKLVXQLTXHV\VWHP

0DWHULDOVDQGPHWKRGV
&XOWXUHVDQGWKHLUPDLQWHQDQFH
7UDQVIRUPHGURRWVRI$DQQXD 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
%DUQDQW&R%DUULQJWRQ,/7KLVF\FOHGHOLYHUHGP/PLQ RIOLTXLG
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FRQFHQWUDWLRQJ/u 7KHELRPDVVPHGLXPYROXPHUDWLRZDVNHSWFRQVWDQWDW
J):/ J':/LQERWKPLVWUHDFWRUDQGVKDNHIODVNVWXGLHV
%LRPDVVPHDVXUHPHQWV
5RRWVZHUHKDUYHVWHGDIWHUGD\VRIJURZWKLQWKHGLIIHUHQWLDOPLVWUHDFWRUIRU
SDFNLQJIUDFWLRQH[SHULPHQWVRURQGD\VDQGIRUJURZWKNLQHWLFVVWXGLHV$IHZ
PLVWUHDFWRUH[SHULPHQWVZHUHUXQORQJHUGD\V6KDNHIODVNVZHUHKDUYHVWHGRQ
GD\IRUVXFURVHFRQFHQWUDWLRQH[SHULPHQWVDQGRQGD\VDQGIRU
JURZWKNLQHWLFVVWXGLHV5RRWVZHUHULQVHGZLWKGLVWLOOHGZDWHUDQGEORWWHGRQSDSHU
WRZHOVWRGHWHUPLQHIUHVKZHLJKWDQGWKHQGULHGLQDq&RYHQWRGHWHUPLQHGU\ZHLJKW
7KHDYHUDJHVSHFLILFJURZWKUDWHPDYJZDVFDOFXODWHGDV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ZKHUHVXEVFULSWVIDQGLGHQRWHILQDODQGLQLWLDOGU\ZHLJKWVUHVSHFWLYHO\DQGXQLWVRI
WLPHWDUHGD\V
7KHDSSDUHQWELRPDVV\LHOG<;6ZDVFDOFXODWHGDVWKHUDWLRRIELRPDVVLQFUHDVHWRWRWDOVXJDUFRQVXPSWLRQ
<;6  ' J':' JJOXFRVHHTXLYDOHQW >@
ZKHUHJJOXFRVHHTXLYDOHQW JJOXFRVHJIUXFWRVHu JVXFURVH7KHIDFWRU
RIWDNHVLQWRDFFRXQWWKHPROHFXOHRIZDWHUWKDWLVLQFRUSRUDWHGGXULQJ

K\GURO\VLVRIVXFURVH6KDUSDQG'RUDQ7KHWRWDOUHPDLQLQJYROXPHRIPHGLXP
LQWKHUHVHUYRLUDQGWXELQJRUVKDNHIODVNDVDSSURSULDWHZDVPHDVXUHGDQGDQDOLTXRW
ZDVVWRUHGDW±q&XQWLOUHVLGXDOQXWULHQWVZHUHDQDO\]HG
0HGLDDQDO\VHV
6XFURVHJOXFRVHDQGIUXFWRVHFRQFHQWUDWLRQVZHUHPHDVXUHGYLD+3/&:DWHUV
0LOIRUG0$XVLQJD0LFURVRUEDPLQRFROXPQPPu PPc9DULDQ
$QDO\WLFDO,QVWUXPHQWV:DOQXW&UHHN&$ZLWKD5UHIUDFWLYHLQGH[GHWHFWRU
:DWHUV0LOIRUG0$DQGDPRELOHSKDVHRIYYDFHWRQLWULOHZDWHUDWDIORZUDWH
RIP/PLQ)UXFWRVHJOXFRVHDQGVXFURVHZHUHXVHGDVVWDQGDUGV1LWUDWH
FRQFHQWUDWLRQVZHUHDQDO\]HGVSHFWURSKRWRPHWULFDOO\DVGHVFULEHGLQ.LPHWDO
6WDQGDUGVROXWLRQVZHUHPDGHIURP.12 3KRVSKDWHFRQFHQWUDWLRQVZHUHPHDVXUHG
VSHFWURSKRWRPHWULFDOO\E\PL[LQJP/VDPSOHZLWKP/ZRUNLQJSKRVSKRUXVUHDJHQW
DQGWKHQUHDGLQJWKHDEVRUEDQFHDWQPDIWHUPLQXWHV:RUNLQJSKRVSKRUXV
UHDJHQWUHFLSHLVDVIROORZVJDPPRQLXPPRO\EGDWHZHUHGLVVROYHGLQP/RI
P// VXOIXULFDFLG7KLVVROXWLRQZDVDGGHGWRP/RIJ/
SRO\YLQ\OS\UUROLGRQH6LJPD3)HUURXVDPPRQLXPVXOIDWHJZDVWKHQ
DGGHGWRWKHFRPELQHGVROXWLRQV6WDQGDUGVROXWLRQVZHUHPDGHIURP1D+32Â+26SHFLILFFRQGXFWLYLW\RIWKHPHGLXPZDVPHDVXUHGXVLQJDFRQGXFWLYLW\PHWHU&ROH
3DOPHU9HUQRQ+LOOV,/
'DWDDQDO\VHV
8QSDLUHGVWXGHQWWWHVWVZHUHXVHGWRGHWHUPLQHVWDWLVWLFDOVLJQLILFDQFHEHWZHHQ
YDULRXVH[SHULPHQWDOFRQGLWLRQV7KHUHZDVDPLQLPXPRIUHSOLFDWHVLQHDFKFDVH
H[FHSWZKHUHQRWHGRWKHUZLVH

5HVXOWVDQGGLVFXVVLRQ
,QFUHDVHGSDFNLQJIUDFWLRQLQFUHDVHVJURZWKUDWH
7KHPLVWGHSRVLWLRQPRGHO:\VORX]LOHWDOVKRZVWKDWGHQVHEHGVRIURRWV
FDQEHFRPSDUHGWRILEURXVILOWHUV7KHLGHDOILOWHUKDVHYHQO\GLVWULEXWHGILEHUVWKDWOLH
SHUSHQGLFXODUWRWKHIORZ7KRXJKURRWEHGVKDYHUHJLRQVRIKLJKDQGORZSDFNLQJ
GHQVLW\DQGJURZWKRFFXUVLQDOOGLUHFWLRQVWKHTXDOLWDWLYHWUHQGVDQGEHKDYLRURIPLVW
GHSRVLWLRQFDQVWLOOEHVWXGLHGE\DSSO\LQJWKHPRGHO:KHQWKHPRGHOZDVWHVWHGRQURRW
EHGVWKDWKDGEHHQPDQXDOO\SDFNHGWRD  LWZDVIRXQGWRFRUUHVSRQGZHOOWR
H[SHULPHQWDOGDWDDVORQJDVWKH5H\QROGVQXPEHU5HZDV :\VORX]LOHWDO
,QWKLVV\VWHP5H7KH5H\QROGVQXPEHUFKDUDFWHUL]HVWKHUHODWLYH
LPSRUWDQFHRILQHUWLDODQGYLVFRXVIRUFHVDQGIRUILOWUDWLRQSUREOHPV
J
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ZKHUHU DQGPJ DUHWKHGHQVLW\DQGYLVFRVLW\RIWKHFDUULHUJDV'5 LVWKHGLDPHWHURIWKH
URRWDQG8R LVWKHJDVYHORFLW\LQWKHURRWEHG,QWHUPVRIWKHQXPEHURIGURSOHWV
FDSWXUHGWKHHIILFLHQF\K%RIWKHURRWEHGLVDIXQFWLRQRIWKHSDUWLFOHGLDPHWHU'3DQG
LVHTXDOWR
»¼º«¬ª  H[S DDKK 5 &% ' / >@
ZKHUH/ LVWKHOHQJWKRIWKHURRWEHGDQG
 ',17,03& KKK u   >@
WKHFRPELQHGFDSWXUHHIILFLHQF\K&GXHWRLPSDFWLRQDQGLQWHUFHSWLRQK,03,17DQG
GLIIXVLRQK''HWHUPLQLQJK,03,17 LQYROYHVVROYLQJWZRQRQOLQHDUHTXDWLRQVDVIRXQG

LQ&UDZIRUGDQGWKHH[SUHVVLRQIRUFDOFXODWLQJK' LVJLYHQLQ)ULHGODQGHU
7KHHTXDWLRQVIRUK,03,17 DUHDOVRJLYHQLQ.LPHWDOD7KHRYHUDOOPDVV
GHSRVLWLRQHIILFLHQF\K20RIWKHURRWEHGLVWKHSURGXFWRIWKHURRWEHGHIILFLHQF\
K%'3LDQGWKHPDVVIUDFWLRQP'3LRIPLVWSDUWLFOHVRIGLDPHWHU'3L VXPPHGRYHUWKH
DHURVROVL]HGLVWULEXWLRQGDWD¦ u L 3L3L%20 'P' KK  >@
7KHDPRXQWRIPHGLXPFDSWXUHGE\WKHURRWV9GHSLQP/SHUGD\LVH[SUHVVHGDV
20/GHS 49 KZ uu  >@
ZKHUHLVWKHFRQYHUVLRQIDFWRUIURPKRXUVWRGD\VZ LVWKHGXW\F\FOHLQPLQXWHVSHU
KRXUDQG4/ LVWKHPHGLXPIORZUDWHLQP/SHUPLQXWHGXULQJWKHPLVW³RQ´F\FOH7KHDPRXQWRIPHGLXPUHTXLUHGWRVXSSRUWWKHJURZWKRIURRWV9UHTLQP/SHUGD\
GHSHQGVRQWKHGHQVLW\RIWKHURRWVU): JUDPVIUHVKZHLJKWSHUP/WKHGU\ZHLJKW
IUHVKZHLJKWUDWLR':):WKHVSHFLILFJURZWKUDWHP GD\WKHQXWULHQWFRQFHQWUDWLRQ
LQWKHPHGLXP&6 J/WKHDSSDUHQWELRPDVV\LHOGRIWKHJURZWKOLPLWLQJQXWULHQW<;6J':ELRPDVVSHUJQXWULHQWFRQVXPHGWKHZRUNLQJYROXPHRIWKHUHDFWRU9 /DQG
SDFNLQJIUDFWLRQD 7KHH[SUHVVLRQIRU9UHT LV
DPU uuuuu 9<&):':9 6;6):UHT   >@
2EYLRXVO\9GHS PXVWEHHTXDOWRRUJUHDWHUWKDQ9UHT LQRUGHUWRPDLQWDLQDGHVLUHGJURZWK
UDWHP
,QVXIILFLHQWQXWULHQWDYDLODELOLW\ZDVSURSRVHGDVDSRVVLEOHH[SODQDWLRQIRUWKH
DSSDUHQWJURZWKOLPLWDWLRQVRI$DQQXD KDLU\URRWVLQWKHQXWULHQWPLVWELRUHDFWRU.LP

HWDOD6LQFH9GHS LVDIXQFWLRQRIWKHSDFNLQJIUDFWLRQDLQFUHDVLQJD VKRXOG
LQFUHDVH9GHS DQGWKXVVXSSRUWDKLJKHUJURZWKUDWHE\DOORZLQJPRUHQXWULHQWVWREH
FDSWXUHGE\WKHURRWV9UHT DOVRGHSHQGVRQDEXWLWGRHVVRLQDOLQHDUPDQQHUZKLOHD
SORWRI9GHS YHUVXVD \LHOGVDVLJPRLGDOFXUYH7KRXJKYDOXHVZLOOYDU\GHSHQGLQJRQ
WKHJURZWKUDWHQXWULHQWFRQFHQWUDWLRQDQGURRWGLDPHWHUJHQHUDOO\VSHDNLQJ9GHS ! 9UHT
DWKLJKHUYDOXHVRID:KHQPLVWPRGHFRPPHQFHGDWSDFNLQJIUDFWLRQVWKDWZHUHDW
PRVW.LPHWDODREVHUYHGDQDYHUDJHVSHFLILFJURZWKUDWHPRIGD\
,QFRQWUDVWWKHDYHUDJHVSHFLILFJURZWKUDWHLQWKHGLIIHUHQWLDOPLVWUHDFWRUDWLQLWLDO
SDFNLQJIUDFWLRQVUDQJLQJIURPZDVGD\ IRUDGD\SHULRG)LJ
'LUHFWFRPSDULVRQEHWZHHQWKHVHV\VWHPVKRZHYHULVFRPSOLFDWHGGXHWRGLIIHUHQW
FXOWXUHWLPHVDQGRSHUDWLQJFRQGLWLRQV1HYHUWKHOHVVLWDSSHDUVWKDWURRWVJURZQLQWKH
GLIIHUHQWLDOPLVWUHDFWRUKDGKLJKHUJURZWKUDWHVWKDQWKRVHREVHUYHGE\.LPHWDO
DVXSSRUWLQJWKHK\SRWKHVLVWKDWDKLJKHULQLWLDOLQRFXOXPGHQVLW\SRVLWLYHO\DIIHFWV
VXEVHTXHQWJURZWKLQPLVWUHDFWRUV,WZDVQRWSRVVLEOHWRPDQXDOO\SDFNWKHURRWVWRD 
VLQFHWKHURRWVKDGDQDWXUDOWHQGHQF\WRFRPSDFWWKHPVHOYHVWRWKLVPLQLPXP
GHQVLW\LQWKHJURZWKFKDPEHU6LQFHWKHUHZDVQRVWDWLVWLFDOGLIIHUHQFHEHWZHHQWKH
WKUHHSDFNLQJIUDFWLRQVWHVWHGWKHLQWHUPHGLDWHYDOXHD  ZDVXVHGLQVXEVHTXHQW
H[SHULPHQWV$VDFRPSDULVRQURRWVZHUHLQRFXODWHGLQWRDVKDNHIODVNDWWKHVDPH
SDFNLQJIUDFWLRQJ):LQP/%PHGLXPZLWKVXFURVHDQGWKHJURZWKUDWH
DIWHUGD\VZDVRQO\GD\ 7DEOH,IZHDVVXPHDQDSSDUHQWELRPDVV\LHOGRI
J':SURGXFHGSHUJVXJDUFRQVXPHGWKHKLJKHVWSRVVLEOHELRPDVVLQFUHDVHZRXOG
EHJ':ZKLFKFRUUHVSRQGVWRDJURZWKUDWHRIGD\ 6LQFHWKLVZDVQRW
DFKLHYHGRQHFDQLQIHUDFRPELQDWLRQRIOLTXLGQXWULHQWDQGJDVR[\JHQPDVVWUDQVIHU

OLPLWDWLRQLQWRWKHGHQVHO\LQRFXODWHGURRWVZKLFKZHUHSDFNHGDWDOHYHODSSUR[LPDWHO\
u KLJKHUWKDQWKDWXVHGIRUH[SHULPHQWVXVLQJVKDNHIODVNV
,QRQHPLVWUHDFWRUH[SHULPHQWURRWVZHUHDOORZHGWRJURZIURPDQLQLWLDOSDFNLQJ
IUDFWLRQRILQWKHGLIIHUHQWLDOPLVWUHDFWRUIRUGD\V $ILQDOSDFNLQJIUDFWLRQRI
ZDVDFKLHYHGZLWKDJURZWKUDWHRIGD\DQGWKHKDUYHVWHGURRWVDSSHDUHG
KHDOWK\DQGQRQQHFURWLFWKURXJKRXWWKHGHQVHEHG7KLVGHQVLW\RIELRPDVVLVH[WUHPHO\
GLIILFXOWWRDFKLHYHLQDOLTXLGSKDVHV\VWHP$WKLJKWLVVXHFRQFHQWUDWLRQVJ':
/RUDSDFNLQJIUDFWLRQUDQJHRIDERXWWKHKLJKIOXLGIORZUHVLVWDQFHRIWKH
URRWEHGVOLPLWVWKHDELOLW\WRVFDOHXSVXEPHUJHGFXOWXUHUHDFWRUV&DUYDOKRDQG&XUWLV
+\RVF\DPXVPXWLFXV KDLU\URRWVJURZQLQD/FRQYHFWLYHIORZELRUHDFWRU
UHDFKHGDILQDOIUHVKZHLJKWGHQVLW\RIJ/ D  DIWHURQHPRQWK2[\JHQZDV
VXSSOLHGYLDH[WHUQDODHUDWLRQRIWKHPHGLXPZKLFKZDVWKHQIRUFHGWKURXJKWKHURRWEHG
XVLQJDSRVLWLYHGLVSODFHPHQWSXPS7KHSRZHUUHTXLUHGWRRYHUFRPHWKHIORZUHVLVWDQFH
DQGPDLQWDLQDPLQLPXPR[\JHQFRQFHQWUDWLRQLQWKH/UHDFWRUDWWKHWLPHRIKDUYHVW
ZDVHVWLPDWHGDV:/ZKLFKLVFRPSDUDEOHWRDW\SLFDODJLWDWRUSRZHUUHTXLUHPHQW
IRUPLFURELDOIHUPHQWDWLRQ&DUYDOKRDQG&XUWLV+RZHYHUZKLOHRQHFDQ
DSSUR[LPDWHVFDOHXSFRQGLWLRQVE\DVVXPLQJFRQVWDQWSRZHUSHUXQLWYROXPHLQDZHOO
PL[HGPLFURELDOIHUPHQWDWLRQWKHSRZHUUHTXLUHGWRPDLQWDLQDJLYHQIORZUDWHLQFUHDVHV
DVWKHOHQJWKDQGRUZLGWKRIWKHURRWEHGLQFUHDVHVGXHWRWKHKLJKHUSUHVVXUHGURSDFURVV
WKHEHGDQGVFDOHXSEHFRPHVXQIHDVLEOH7KHIORZUHVLVWDQFHRIDKLJKO\SDFNHGURRW
EHGLVVLPLODUWRDFROXPQRISDFNHGVDQG1LHOGDQG%HMDQ
$ILQDOIUHVKZHLJKWGHQVLW\RIJ/ D  ZDVDWWDLQHGE\5DPDNULVKQDQ
DQG&XUWLVIRUKDLU\URRWVRI+PXWLFXV LQD/WULFNOHEHGUHDFWRUZLWKR[\JHQ

HQULFKPHQWDQGIHGEDWFKDGGLWLRQVRIIUHVKPHGLXP7KHJURZWKUDWHZDVGD\RU
GD\ ZLWKRXWR[\JHQVXSSOHPHQWDWLRQ,QDVFDOHGGRZQ/YHUVLRQRIWKDW
UHDFWRU5DPDNULVKQDQDQG&XUWLVDFKLHYHGDJURZWKUDWHRIGD\ DWWKH
LQLWLDWLRQRIWULFNOHEHGRSHUDWLRQEXWLWWKHQVWHDGLO\GHFOLQHGWROHVVWKDQGD\ DIWHU
RQO\GD\V:HZHUHDEOHWRDWWDLQDFRPSDUDEOHELRPDVVGHQVLW\DVKLJKDVD  
DQGJURZWKUDWHLQRXUV\VWHPZLWKRXWVXSSOHPHQWDWLRQRIWKHJURZWKPHGLXPDQG
R[\JHQZDVVXSSOLHGIURPDPELHQWURRPDLU7KDWVDLGRXUPLVWUHDFWRUVKRXOGEH
FRQVLGHUHGD³GLIIHUHQWLDO´UHDFWRU0F.HOYH\HWDODQGWKHELRPDVVPHGLXP
UDWLRZDVDERXWu KLJKHUDQGWKHEHGGHSWKZDVDERXWu GHHSHULQWKH/WULFNOHEHG
UHDFWRUWKDQLQWKHRXUPLVWUHDFWRU$Q\SHUIRUPDQFHFRPSDULVRQVPXVWWDNHWKLVLQWR
DFFRXQW
,QFUHDVHGFDUERQFRQFHQWUDWLRQLQFUHDVHVJURZWKUDWH
9UHT WKHYROXPHRIPHGLDUHTXLUHGE\WKHURRWVWRJURZDWDSDUWLFXODUJURZWKUDWHLVLQYHUVHO\SURSRUWLRQDOWRWKHQXWULHQWFRQFHQWUDWLRQ&6 WKHUHIRUHLQFUHDVLQJ&6 VKRXOGGHFUHDVH9UHT 7KHPDMRUQXWULHQWVLQ%PHGLXPDUHVXJDUQLWURJHQFRQWDLQLQJFRPSRXQGVQLWUDWHDQGDPPRQLXPDQGSKRVSKDWH+HUHZHFKRVHWRDOWHUVXFURVH
FRQFHQWUDWLRQ8VLQJWKHGLIIHUHQWLDOPLVWUHDFWRUV\VWHPSUHYLRXVO\GHVFULEHG$DQQXD
KDLU\URRWVZHUHIHGPHGLXPFRQWDLQLQJRUVXFURVH$IWHUGD\VURRWVJURZQ
ZLWKVXFURVHKDGDVLJQLILFDQWO\KLJKHUVSHFLILFJURZWKUDWHVHH)LJ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2YHUDOOFRQFOXVLRQVDQGIXWXUHZRUN
7KHVHQVLWLYLW\RISODQWWLVVXHVWRVPDOOFKDQJHVLQWKHJDVSKDVHFRPSRVLWLRQRI
WKHLUFXOWXUHHQYLURQPHQWLPSOLHVDQHHGIRUWKHDELOLW\WRFRQWURORUDOWHULWZLWKUHODWLYH
HDVH$GGLWLRQDOO\VLQFHYROXPHWULFSURGXFWLYLW\LVFRQWLQJHQWXSRQWKHGHQVLW\WRZKLFK
RQHFDQJURZYDOXDEOHELRPDVVWKHFDSDFLW\WRGHOLYHUJDVHVWRKLJKO\SDFNHGWLVVXHV
EHFRPHVDQLPSRUWDQWLVVXH*DVWUDQVSRUWLVQRWDWULYLDOPDWWHULQDOLTXLGSKDVHFXOWXUH
V\VWHPGXHWRORZJDVVROXELOLW\DQGVKHDUVHQVLWLYLW\RISODQWWLVVXHVWRWKHVWLUULQJ
EXEEOLQJRUVSDUJLQJQHFHVVDU\WRHQKDQFHPDVVWUDQVIHU&RQVHTXHQWO\LWLV
DGYDQWDJHRXVWRXVHJDVSKDVHELRUHDFWRUVZKHQGHQVHWLVVXHDQGRUJDVPDQLSXODWLRQDUH
GHVLUHGRUUHTXLUHG3UHYLRXVZRUNKDVVKRZQWKDWSODQWWLVVXHVSHFLILFDOO\WUDQVIRUPHG
URRWVJURZQLQDPLVWUHDFWRUUHVSRQGWRWKLVHQYLURQPHQWLQFRPSOH[ZD\V7KHZRUN
SUHVHQWHGKHUHKDVDWWHPSWHGWRDQVZHUVRPHHVVHQWLDOTXHVWLRQVDERXWWKHEHKDYLRURI
URRWVLQDJDVSKDVHPLVWUHDFWRULQRUGHUWRGHYHORSEHWWHUZD\VRIGHVLJQLQJDQG
H[SORLWLQJWKHV\VWHPWRPD[LPL]HLWVEHQHILWVIRUWKLVDSSOLFDWLRQ
(DUOLHUZRUNXVHGDK\EULGUHDFWRUZKHUHLQWKHURRWVZHUHJURZQ LQOLTXLGSKDVH
XQWLOWKH\EHFDPHLPPRELOL]HGDQGWKHQWKHJURZWKFKDPEHUZDVGUDLQHGRIPHGLXPDQG
UXQDVDJDVSKDVHPLVWUHDFWRU.LP,QRUGHUWRGHFUHDVHWKHOHQJWKRIWLPHWKH
URRWVZHUHH[SRVHGWRWKHOLTXLGSKDVHHQYLURQPHQWVRWKDWDPRUHDFFXUDWHDSSUDLVDORI
WLVVXHUHVSRQVHWRWKHJDVSKDVHHQYLURQPHQWFRXOGEHPDGHDPHWKRGRIUDSLG
DWWDFKPHQWZDVVRXJKW5RRWVRIWKUHHGLIIHUHQWVSHFLHV$UWHPLVLDDQQXD%HWDYXOJDULV

DQG$UDELGRSVLVWKDOLDQDDGKHUHGWRDSRO\/O\VLQHFRDWHGSRO\SURS\OHQHVXEVWUDWHZLWKLQ
PLQXWHVDOWKRXJKWKHPHFKDQLVPRIDWWDFKPHQWZDVQRWFRPSOHWHO\XQGHUVWRRG7RZOHUDQG
:HDWKHUV7KLVZRUNZDVQRWSXUVXHGH[WHQVLYHO\VLQFHVKRUWO\WKHUHDIWHUDQ
LQWHUHVWLQJK\SRWKHVLVUHJDUGLQJWKHHIIHFWRIURRWLQRFXOXPGHQVLW\RQJURZWKVHHPHG
ZRUWK\RILPPHGLDWHLQYHVWLJDWLRQ
7KHPLVWUHDFWRUZDVDOWHUHGE\JUHDWO\UHGXFLQJWKHVL]HRIWKHJURZWKFKDPEHUVR
WKDWLWFRXOGEHPDQXDOO\SDFNHGZLWKURRWVWKHUHE\HOLPLQDWLQJWKHOLTXLGSKDVHPRGH
FRPSOHWHO\,WZDVGHPRQVWUDWHGWKDWE\XVLQJKLJKHULQLWLDOLQRFXOXPGHQVLWLHVWKDQWKRVH
VWXGLHGE\.LPJURZWKFRXOGEHLQFUHDVHG7KLVVXSSRUWHGWKHK\SRWKHVLVWKDWWKH
FDSWXUHRIQXWULHQWVIURPWKHPLVWZDVKLJKO\GHSHQGHQWRQWKHGHQVLW\RIWKHELRPDVVDV
VXJJHVWHGE\WKHDHURVROGHSRVLWLRQPRGHO:\VORX]LOHWDO6LPLODUO\LQFUHDVLQJ
QXWULHQWFRQFHQWUDWLRQSDUWLFXODUO\VXFURVHDOVRLQFUHDVHGWKHJURZWKUDWHDOWKRXJKWKH
RSWLPXPKDVQRW\HWEHHQGHWHUPLQHG$GGLWLRQDOVWXGLHVDUHUHFRPPHQGHG0LVWLQJ
ZLWKDKLJKVXFURVHFRQFHQWUDWLRQPD\EHHVVHQWLDOWRPDLQWDLQLQJDKLJKJURZWKUDWHLQ
WKHPLVWUHDFWRU7KRXJKDJURZWKUDWHGHFUHDVHZDVREVHUYHGDIWHURQO\GD\VLQWKH
PLVWUHDFWRUWKHFDXVHLVQRWFHUWDLQ0HGLDDQDO\VLVVKRZHGWKDWPDMRUQXWULHQWVZHUH
QRWH[KDXVWHGLQWKLVWLPHSHULRG*DVHRXVJURZWKLQKLELWRUVVSHFLILFDOO\HWK\OHQHZHUH
DOVRQRWGHWHFWHG:KLOHLWLVXQOLNHO\WKDWJURZWKLQKLELWRUVLQWKHPHGLXPKDG
DFFXPXODWHGVXIILFLHQWO\WRDIIHFWJURZWKWKLVQHHGVWREHYHULILHG H[SHULPHQWDOO\E\
FRPSDULQJWKHHIIHFWVRIFRQGLWLRQHGPHGLXPIURPPLVWUHDFWRUJURZQURRWVWRWKDWIURP
VKDNHIODVNJURZQURRWV$OWKRXJKDOWHULQJWKHIUHTXHQF\RIPLVWLQJVKRXOGKDYHDOVR
\LHOGHGKLJKHUJURZWKUDWHVDFFRUGLQJWRWKHPLVWGHSRVLWLRQPRGHOWKLVDSSURDFKZDVQRW
DVVXFFHVVIXODVLQFUHDVLQJWKHVXFURVHFRQFHQWUDWLRQ7KHRSWLPXPFRQFHQWUDWLRQRI

QXWULHQWVWKDWDUHUHTXLUHGIRUUDSLGJURZWKLQWKHPLVWUHDFWRUPD\YDU\IURPWKDW
REVHUYHGLQVKDNHIODVNFXOWXUHEHFDXVHRIWKHGLIIHUHQFHVLQ WKHPRGHRIQXWULHQW
GHOLYHU\$DQQXD URRWVLQVKDNHIODVNVGRQRWJURZZHOODWVXFURVHFRQFHQWUDWLRQV
JUHDWHUWKDQZYEXWVLQFHWKHQXWULHQWVDUHFDSWXUHGIURPVPDOOGURSOHWVUDWKHUWKDQ
IURPDFRQWLQXRXVOLTXLGSKDVHLQWKHPLVWUHDFWRUURRWV PD\UHTXLUHDKLJKHUQXWULHQW
FRQFHQWUDWLRQLQWKLVHQYLURQPHQW
7KHVPDOOELRPDVVGLIIHUHQWLDODQGWKHLQDELOLW\WRWUDFNWKHFDUERQIORZFRPSOHWHO\
PDGHLWLPSRVVLEOHWRFDOFXODWHWKHDSSDUHQWELRPDVV\LHOGLQWKHGLIIHUHQWLDOPLVWUHDFWRU
,IWKHYROXPHRIPHGLDZDVGHFUHDVHGVXFKWKDWPRUHH[DFWPHDVXUHPHQWVRIFKDQJHVLQ
FRQFHQWUDWLRQDQGYROXPHFRXOGEHPDGHSHUKDSVWKHELRPDVV\LHOGFRXOGEHGHWHUPLQHG
+RZHYHUDOWHULQJWKHELRPDVVPHGLXPUDWLRZKLFKZDVNHSWFRQVWDQWLQWKHVHVWXGLHV
PD\LQWURGXFHDGGLWLRQDOHIIHFWV
7KHRYHUDOOUHVXOWVRIWKHVHVWXGLHVVKRZHGJUHDWSURPLVHLQWKDWZHZHUHDEOHWR
LPSURYHWKHJURZWKUDWHLQWKHPLVWUHDFWRUVXFKWKDWLWSDUDOOHOHGWKDWREVHUYHGLQVKDNH
IODVNVZKLFKQRWRQO\VXSSRUWHGRXUSURSRVHGK\SRWKHVHV EXWDOVRLQGLFDWHGWKDWDPLVW
EDVHGQXWULHQWGHOLYHU\V\VWHPLVZRUWK\RIIXUWKHUUHVHDUFK
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